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More than twelve years have passed since the grea-
test technogenetic catastrophe in human history oc-
curred at the Chernobyl Nuclear Power Plant
(ChNPP). Evaluation and prognosis of medical-ra-
diological consequences of the accident remains one
of the key problems concerning determined optimal
strategies of long-term rehabilitation measures. It is
well known that the most sensitive indicator of ra-
dioactive influence is supplementary (above spon-
taneous) level induction of malignant neoplasm and,
foremost, leukaemias. Using data from many years
of epidemiological research on the cohort of survi-
vors of the atomic bombing of Hiroshima and Na-
gasaki in 1945, the International Commission for Ra-
diological Protection (ICRP) and other authoritative
international organisations gave evaluations of radi-
ation risk coefficients according to abundant above
spontaneous levels of mortality from malignant dis-
eases. These evaluations are supported by direct epi-
demiological research into a range of medium and
high doses of radiation (above 0.5 Sv). In the lower
dose range (up to 0.2 Sv) characteristic of the Cher-
nobyl accident, radiation risks were obtained expo-
nentially and demand corroboration with epidemi-

Ïðîøëî áîëåå 12 ëåò ïîñëå êðóïíåéøåé â èñòîðèè ÷åëî-
âå÷åñòâà òåõíîãåííîé êàòàñòðîôû íà ×åðíîáûëüñêîé
àòîìíîé ýëåêòðîñòàíöèè (×ÀÝÑ). Îöåíêà è ïðîãíîç ìå-
äèöèíñêèõ ðàäèîëîãè÷åñêèõ ïîñëåäñòâèé êàòàñòðîôû
îñòàåòñÿ îäíîé èç êëþ÷åâûõ ïðîáëåì ïðè îïðåäåëåíèè
îïòèìàëüíîé ñòðàòåãèè äîëãîñðî÷íûõ ðåàáèëèòàöèîí-
íûõ ìåðîïðèÿòèé. Õîðîøî èçâåñòíî, ÷òî íàèáîëåå ÷óâ-
ñòâèòåëüíûì èíäèêàòîðîì ðàäèàöèîííîãî âîçäåéñòâèÿ
ÿâëÿåòñÿ äîïîëíèòåëüíàÿ íàä ñïîíòàííûì óðîâíåì èí-
äóêöèÿ çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé è, ïðåæäå âñå-
ãî, ëåéêîçîâ. Èñïîëüçóÿ äàííûå ìíîãîëåòíèõ ýïèäåìèî-
ëîãè÷åñêèõ èññëåäîâàíèé çà êîãîðòîé ëèö, ïåðåæèâøèõ
àòîìíóþ áîìáàðäèðîâêó â ãîðîäàõ Õèðîñèìà è Íàãàñà-
êè â 1945 ã., Ìåæäóíàðîäíàÿ êîìèññèÿ ïî ðàäèîëîãè÷åñ-
êîé çàùèòå (ÌÊÐÇ) è äðóãèå àâòîðèòåòíûå ìåæäóíàðîä-
íûå îðãàíèçàöèè äàëè îöåíêè êîýôôèöèåíòîâ ðàäèàöè-
îííîãî ðèñêà ïî èçáûòî÷íîé íàä ñïîíòàííûì óðîâíåì
ñìåðòíîñòè îò çëîêà÷åñòâåííûõ çàáîëåâàíèé. Ýòè îöåí-
êè îñíîâûâàþòñÿ íà ðåçóëüòàòàõ ïðÿìûõ ýïèäåìèîëîãè-
÷åñêèõ èññëåäîâàíèé äëÿ äèàïàçîíà ñðåäíèõ è âûñîêèõ
äîç îáëó÷åíèÿ (áîëåå 0,5 Çâ). Â äèàïàçîíå ìàëûõ äîç îá-
ëó÷åíèÿ (äî 0,2 Çâ), õàðàêòåðíîì äëÿ ×åðíîáûëüñêîé êà-
òàñòðîôû, ðàäèàöèîííûå ðèñêè ïîëó÷åíû ýêñòðàïîëÿ-
öèîííûì ïóòåì è òðåáóþò ïîäòâåðæäåíèÿ ýïèäåìèîëî-
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ological data. The dependence on dose-volume se-
lection is well known to radiation epidemiologists: if
average dose decreases sequentially within the co-
hort, volume selection must increase by two sequenc-
es. It immediately becomes clear from this dependen-
cy that only analysis of Chernobyl data including ex-
tensive divisions of observation can give a conclusive
(statistically valid) picture of the magnitude of radi-
ation risk from small dose exposure.

RUSSIAN NATIONAL MEDICAL AND
DOSIMETRIC REGISTRY
Following the Chernobyl accident the Russian Nation-
al Medical and Dosimetric Registry (RNMDR) was
founded under the auspices of the Medical Radiolog-
ical Scientific Centre of Russian Academy of Medical
Sciences (RAMS), Obninsk (Tsyb A.F. et al., 1998). The
function of RNMDR is to regulate the current resolu-
tion of the government of the Russian Federation No.
948 from 22.09.93. On 01.01.1998 personal medical
and dosimetric data on 508 thousand people were in-
cluded into the database of the register (figure 1).

The RNMDR includes two principal groups for pri-
mary registration: liquidators (35%) and inhabitants
of the most severely radioactively contaminated re-
gions of Russia (57.7%). The greatest degree of ra-
dioactive exposure resulting from the Chernobyl
accident affected four regions (figure 2): Bryansk,

ãè÷åñêèìè äàííûìè. Ðàäèàöèîííûì ýïèäåìèîëîãàì õî-
ðîøî èçâåñòíà çàâèñèìîñòü äîçà�îáúåì âûáîðêè: åñëè
ñðåäíÿÿ äîçà â êîãîðòå óìåíüøàåòñÿ íà ïîðÿäîê, îáúåì
âûáîðêè äîëæåí óâåëè÷èòüñÿ íà äâà ïîðÿäêà. Èç ýòîé çà-
âèñèìîñòè ñðàçó æå ñòàíîâèòñÿ ÿñíî, ÷òî òîëüêî àíàëèç
÷åðíîáûëüñêèõ äàííûõ, âêëþ÷àþùèé îáøèðíûå êîãîð-
òû íàáëþäåíèÿ, ìîæåò äàòü îêîí÷àòåëüíûé (ñòàòèñòè-
÷åñêè çíà÷èìûé) îòâåò î âåëè÷èíå ðàäèàöèîííîãî ðèñ-
êà ïðè ìàëûõ äîçàõ îáëó÷åíèÿ.

ÐÎÑÑÈÉÑÊÈÉ ÃÎÑÓÄÀÐÑÒÂÅÍÍÛÉ
ÌÅÄÈÊÎ-ÄÎÇÈÌÅÒÐÈ×ÅÑÊÈÉ ÐÅÃÈÑÒÐ
Ïîñëå ×åðíîáûëüñêîé êàòàñòðîôû íà áàçå Ìåäèöèí-
ñêîãî ðàäèîëîãè÷åñêîãî íàó÷íîãî öåíòðà ÐÀÌÍ
(ã. Îáíèíñê) áûë ñîçäàí Ðîññèéñêèé ãîñóäàðñòâåííûé
ìåäèêî-äîçèìåòðè÷åñêèé ðåãèñòð (ÐÃÌÄÐ) (Öûá À.Ô.
è ñîàâò., 1998). Ôóíêöèîíèðîâàíèå ÐÃÌÄÐ ðåãëàìåí-
òèðóåòñÿ â íàñòîÿùåå âðåìÿ ïîñòàíîâëåíèåì Ïðàâè-
òåëüñòâà Ðîññèéñêîé Ôåäåðàöèè ¹948 îò 22 ñåíòÿá-
ðÿ 1993 ã. Íà 01.01.1998 ã. â áàçó äàííûõ ÐÃÌÄÐ âêëþ-
÷åíû ïåðñîíàëüíûå ìåäèöèíñêèå è äîçèìåòðè÷åñêèå
äàííûå íà 508 òûñ. ÷åëîâåê (ðèñóíîê 1).

ÐÃÌÄÐ âêëþ÷àåò â ñåáÿ äâå îñíîâíûå ãðóïïû ïåðâè÷-
íîãî ó÷åòà: ëèêâèäàòîðû (35%), æèòåëè íàèáîëåå çà-
ãðÿçíåííûõ ðàäèîíóêëèäàìè îáëàñòåé Ðîññèè (57,7%).
Â ðåçóëüòàòå ×åðíîáûëüñêîé êàòàñòðîôû ðàäèàöèîí-
íîìó âîçäåéñòâèþ â íàèáîëüøåé ñòåïåíè ïîäâåðãëèñü
÷åòûðå îáëàñòè (ðèñóíîê 2): Áðÿíñêàÿ, Êàëóæñêàÿ,

FIGURE1. NUMBER OF PERSONS REGISTERED IN RNMDR AT 01.01.1998 (PRG � PRIMARY REGISTRATION GROUP)

ÐÈÑÓÍÎÊ1. ×ÈÑËÎ ÇÀÐÅÃÈÑÒÐÈÐÎÂÀÍÍÛÕ Â ÐÃÌÄÐ ÍÀ 01.01.1998
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Kaluga, Tula and Orlov regions. In these regions 137Cs
contamination exceeds 5 Ci�km�2. Among 167
thousand liquidators registered (figure 3) the ma-
jority of their number is currently resident in four
regions of Russia (Central (No.3), North Caucasus
(No.7), Povolzhsky (No.6) and Ural (No.8)).

The RNMDR includes the following principal data-
bases (figure 4): the fundamental bank of personal
medical-dosimetrical data; the subregister of onco-
logical diseases; the subregister of causes of death;
the subregister of diseases of the thyroid gland. Me-
dical data enter the RNMDR annually after confir-
mation of yearly clinical research.

PROGNOSIS OF REMOTE RADIATION
EFFECTS UPON THE LIQUIDATOR
COHORT
What basic conclusions can be drawn concerning
medical radiological consequences of the Cherno-

Òóëüñêàÿ è Îðëîâñêàÿ. Â ýòèõ îáëàñòÿõ çàãðÿçíåííîñòü
ðÿäà ðàéîíîâ 137Cs ïðåâûøàåò 5 Êè�êì�2. Ñðåäè 167
òûñ. ëèêâèäàòîðîâ, âêëþ÷åííûõ â ÐÃÌÄÐ (ðèñóíîê 3),
áîëüøèíñòâî ïðîæèâàþò â íàñòîÿùåå âðåìÿ â ÷åòû-
ðåõ ðåãèîíàõ Ðîññèè � Öåíòðàëüíîì (¹ 3), Ñåâåðî-
Êàâêàçñêîì (¹ 7), Ïîâîëæñêîì (¹ 6) è Óðàëüñêîì (¹ 8).

ÐÃÌÄÐ âêëþ÷àåò â ñåáÿ ñëåäóþùèå îñíîâíûå áàçû äàí-
íûõ (ðèñóíîê 4): îñíîâíîé áàíê ïåðñîíàëüíûõ ìåäè-
êî-äîçèìåòðè÷åñêèõ äàííûõ, ïîäðåãèñòð îíêîëîãè-
÷åñêèõ çàáîëåâàíèé, ïîäðåãèñòð ïðè÷èí ñìåðòíîñòè,
ïîäðåãèñòð çàáîëåâàíèé ùèòîâèäíîé æåëåçû. Ìåäè-
öèíñêèå äàííûå ïîñòóïàþò â ÐÃÌÄÐ åæåãîäíî ïîñëå
çàâåðøåíèÿ äèñïàíñåðíûõ èññëåäîâàíèé.

ÏÐÎÃÍÎÇ ÎÒÄÀËÅÍÍÛÕ
ÐÀÄÈÀÖÈÎÍÍÛÕ ÝÔÔÅÊÒÎÂ
ÏÎ ÊÎÃÎÐÒÅ ËÈÊÂÈÄÀÒÎÐÎÂ
Êàêèå îñíîâíûå âûâîäû ìîæíî ñäåëàòü î ìåäèöèíñ-
êèõ ðàäèîëîãè÷åñêèõ ïîñëåäñòâèÿõ ×åðíîáûëüñêîé

FIGURE 2. TERRITORY OF RUSSIA SOIL CONTAMINATION DENSITY 137Cs (Ci�km-2)

ÐÈÑÓÍÎÊ 2. ÇÀÃÐßÇÍÅÍÍÎÑÒÜ ÐÎÑÑÈÈ 137Cs (Ku�êì-2)
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FIGURE 3. NUMBER OF LIQUIDATORS REGISTERED IN RNMDR AT 01.01.1998

ÐÈÑÓÍÎÊ 3. ×ÈÑËÎ ÇÀÐÅÃÈÑÒÐÈÐÎÂÀÍÍÛÕ Â ÐÃÌÄÐ ËÈÊÂÈÄÀÒÎÐÎÂ ÍÀ 01.01.1998

FIGURE 4. STRUCTURE OF RNMDR

ÐÈÑÓÍÎÊ 4. ÑÒÐÓÊÒÓÐÀ ÐÃÌÄÐ
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byl accident between 1986�1996 and what kind of
prognosis can be made about distant stochastic ef-
fects? Let us first consider data from the RNMDR con-
cerning the liquidator cohort. Figure 5 shows the
dependency of distribution of liquidators according
to dose of external irradiation. It may be worth not-
ing that the majority of liquidators received irradia-
tion doses of 0�100 mGy and 200�250 mGy.

Table 1 gives prognostic evaluations of attributive risk
(percentage of radiation induced cancers above
spontaneously occurring cancers) in accordance
with the mortality rate for liquidators working with-
in the 30km zone between 1986�1989. The prog-
nosis is carried out on the basis of recommended
ICRP models and personal demographic and dosi-
metric data on liquidators from the RNMDR. As can
be seen from this table, for the entire liquidator co-
hort 1986�1989 at average dose external irradiation
105 mGy, attributive risk of mortality from malignant
neoplasm during 20 years stands at 23.6% for leu-
kaemias and 2.8% for solid tumours. It is also obvi-
ous from this table that the liquidator group of 1986
is at the highest radiation risk. For this group in par-
ticular, within 20 years following the accident, i.e. in

êàòàñòðîôû çà 1986�1996 ãã. è êàêîâ ïðîãíîç îòäà-
ëåííûõ ñòîõàñòè÷åñêèõ ýôôåêòîâ? Ðàññìîòðèì ñíà-
÷àëà äàííûå ÐÃÌÄÐ ïî êîãîðòå ëèêâèäàòîðîâ. Íà ðè-
ñóíêå 5 ïîêàçàíî ðàñïðåäåëåíèå ëèêâèäàòîðîâ â çà-
âèñèìîñòè îò âåëè÷èíû äîçû âíåøíåãî îáëó÷åíèÿ.
Ìîæíî îòìåòèòü, ÷òî íàèáîëüøåå ÷èñëî ëèêâèäàòî-
ðîâ ïîëó÷èëè äîçû îáëó÷åíèÿ îò 0 äî 100 ìÃð è îò
200 äî 250 ìÃð.

Â òàáëèöå 1 äàíû ïðîãíîçíûå îöåíêè àòðèáóòèâíî-
ãî ðèñêà (ïðîöåíò ðàäèàöèîííî-èíäóöèðîâàííûõ
ðàêîâ íàä ñïîíòàííûì) ñìåðòíîñòè äëÿ ëèêâèäàòî-
ðîâ, ðàáîòàâøèõ â 30-êèëîìåòðîâîé çîíå â 1986�
1989 ãã. Ïðîãíîç âûïîëíåí íà îñíîâå ðåêîìåíäî-
âàííûõ ÌÊÐÇ ìîäåëåé è ïåðñîíàëüíûõ äåìîãðàôè-
÷åñêèõ è äîçèìåòðè÷åñêèõ äàííûõ ÐÃÌÄÐ î ëèêâè-
äàòîðàõ. Êàê âèäíî èç ýòîé òàáëèöû, äëÿ âñåé
êîãîðòû ëèêâèäàòîðîâ 1986�1989 ãã. ïðè ñðåäíåé
äîçå âíåøíåãî îáëó÷åíèÿ 105 ìÃð àòðèáóòèâíûé
ðèñê ñìåðòíîñòè îò çëîêà÷åñòâåííûõ íîâîîáðàçî-
âàíèé çà 20 ëåò ñîñòàâèò: äëÿ ëåéêîçîâ � 23,6%, äëÿ
ñîëèäíûõ ðàêîâ � 2,8%. Ãðóïïîé íàèáîëåå âûñîêî-
ãî ðàäèàöèîííîãî ðèñêà ÿâëÿþòñÿ ëèêâèäàòîðû
1986 ã. Äëÿ ýòîé ãðóïïû, â ÷àñòíîñòè, ÷åðåç 20 ëåò
ïîñëå êàòàñòðîôû, ò.å. â 2006 ã., àòðèáóòèâíûé ðèñê
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FIGURE 5. EXTERNAL IRRADIATION DOSE � DEPENDENT DISTRIBUTION OF THE LIQUIDATORS

ÐÈÑÓÍÎÊ 5. ÐÀÑÏÐÅÄÅËÅÍÈÅ ËÈÊÂÈÄÀÒÎÐÎÂ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÂÅËÈ×ÈÍÛ ÄÎÇÛ ÂÍÅØÍÅÃÎ ÎÁËÓ×ÅÍÈß

TABLE 1
PROGNOSIS OF REMOTE RADIATION EFFECTS ON MORTALITY FROM MALIGNANT NEOPLASM

AMONG LIQUIDATORS 20 YEARS AFTER THE RADIATION EXPOSURE

ÒÀÁËÈÖÀ 1
ÏÐÎÃÍÎÇ ÎÒÄÀËÅÍÍÛÕ ÝÔÔÅÊÒÎÂ ÂÎÇÄÅÉÑÒÂÈß ÈÎÍÈÇÈÐÓÞÙÈÕ ÈÇËÓ×ÅÍÈÉ ÍÀ ÓÐÎÂÅÍÜ ÑÌÅÐÒÍÎÑÒÈ

ÎÒ ÇËÎÊÀ×ÅÑÒÂÅÍÍÛÕ ÍÎÂÎÎÁÐÀÇÎÂÀÍÈÉ ÑÐÅÄÈ ËÈÊÂÈÄÀÒÎÐÎÂ ×ÅÐÅÇ 20 ËÅÒ ÏÎÑËÅ ÎÁËÓ×ÅÍÈß

Year of
employment
in the zone

Number of
liquidators

Mean absorbed
dose (mGy)

Collective dose
(persons ×Gy)

Excess cancer
mortality due to the

exposure

Natural cancer
mortality

Attributive
cancer risk (%)

leukemia all types leukemia all types leukemia all types
1986 46,575 159 7,405.4 22 84 45 1,945 32.8 4.1
1987 48,077 89.5 4,302.9 11 47 45 1,952 19.6 2.4
1988 18,208 33 600.9 2 7 17 768 10.5 <0.1
1989 5,475 32 175.2 - 2 6 234 7.4 <0.1

1986-1989 118,335 105 12,483.1 35 140 113 4,899 23.6 2.8

Dose (mGy)
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äîïîëíèòåëüíîé ñìåðòíîñòè îò ëåéêîçîâ ñîñòàâèò
32,8%, îò ñîëèäíûõ ðàêîâ � 4,1%.

Îñíîâíûì âîçìîæíûì èñòî÷íèêîì íåîïðåäåëåííî-
ñòè è íåòî÷íîñòè â îïèñàííûõ âûøå ïðîãíîçíûõ
îöåíêàõ ÿâëÿåòñÿ óðîâåíü êîððåêòíîñòè èíäèâèäó-
àëüíûõ äîçèìåòðè÷åñêèõ äàííûõ ó ëèêâèäàòîðîâ. Âû-
ïîëíåííûå íàìè èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî ïî-
ãðåøíîñòè â èíäèâèäóàëüíîé äîçèìåòðè÷åñêîé èí-
ôîðìàöèè ó ëèêâèäàòîðîâ ìîãóò äîñòèãàòü âåëè÷èíû
200�250% (Ïèòêåâè÷ Â.À. è ñîàâò., 1996).

ÎÖÅÍÊÀ ÐÀÄÈÀÖÈÎÍÍÛÕ ÐÈÑÊÎÂ
ÏÎ ÊÎÃÎÐÒÅ ËÈÊÂÈÄÀÒÎÐÎÂ
Â íàñòîÿùåì àíàëèçå ðàññìîòðåíû 48 ñëó÷àåâ çàáî-
ëåâàíèé ëåéêîçàìè ñðåäè ëèêâèäàòîðîâ, âåðèôèöè-
ðîâàííûõ Ìåäèöèíñêèì ðàäèîëîãè÷åñêèì íàó÷íûì
öåíòðîì ÐÀÌÍ è ìåñòíûìè ó÷ðåæäåíèÿìè çäðàâîîõ-
ðàíåíèÿ íà 01.01.1994 ã. Âåðèôèêàöèÿ ëåéêîçîâ � ýòî
ñëîæíàÿ è äëèòåëüíàÿ ïðîöåäóðà, ïîýòîìó â ðàáîòå
ïðîâåäåí àíàëèç çàáîëåâàåìîñòè ñ 1986 ïî 1993 ã.
âêëþ÷èòåëüíî. Áàçà äàííûõ ÐÃÌÄÐ íà 01.01.1994 ã. ñî-
äåðæàëà ìåäèöèíñêóþ è äîçèìåòðè÷åñêóþ èíôîðìà-
öèþ íà 142 òûñ. ëèêâèäàòîðîâ, ñðåäè êîòîðûõ è áûëè
óñòàíîâëåíû ýòè 48 çàáîëåâøèõ (Pitkevitch V.A. et al.,
1997; Ivanov V.K. et al., 1997; 1998).

Â àíàëèçå ðàäèàöèîííûõ ðèñêîâ ìû ïðåäïîëàãàåì
ðàññìàòðèâàòü âñå òèïû ëåéêîçîâ (ÌÊÁ-9 204.0�
208.9). Âìåñòå ñ òåì õîðîøî èçâåñòíî, ÷òî, íàïðèìåð,
õðîíè÷åñêèé ëèìôîëåéêîç íå ÿâëÿåòñÿ ðàäèàöèîííî-
èíäóöèðîâàííûì çàáîëåâàíèåì. Ó÷åò âñåõ òèïîâ ëåé-
êîçîâ ñðåäè ëèêâèäàòîðîâ â íàñòîÿùåé ðàáîòå îáóñ-
ëîâëåí, ãëàâíûì îáðàçîì, íåáîëüøèì ÷èñëîì èõ ñëó-
÷àåâ, çàðåãåñòðèðîâàííûõ â 1986�1993 ãã. Äðóãèì
âàæíûì ìîìåíòîì ÿâëÿåòñÿ âîçìîæíîñòü ñðàâíåíèÿ
îæèäàåìîãî (ñ ó÷åòîì ðàäèîãåííûõ) è íàáëþäàåìî-
ãî ÷èñëà ñëó÷àåâ. Ïðè ýòîì îæèäàåìîå ÷èñëî ëåéêî-
çîâ âñåõ òèïîâ îïðåäåëÿëè ñ èñïîëüçîâàíèåì ìóëüòè-
ïëèêàòèâíîé ìîäåëè ïðîãíîçà, êîýôôèöèåíòû êîòî-
ðîé áûëè ïîëó÷åíû íà îñíîâå ÿïîíñêîé êîãîðòû
ïåðåæèâøèõ àòîìíóþ áîìáàðäèðîâêó.

Íà ðèñóíêå 6 ïðèâåäåíû äàííûå ÐÃÌÄÐ îá óðîâíå
çàáîëåâàåìîñòè ëåéêîçàìè ó ëèêâèäàòîðîâ è ñîîòâåò-
ñòâóþùàÿ êðèâàÿ ïðîãíîçà. Êàêèå ãëàâíûå âûâîäû
ìîæíî ñäåëàòü íà îñíîâàíèè ýòèõ äàííûõ? Âî-ïåð-
âûõ, ïðîãíîç è ôàêòè÷åñêèå äàííûå õîðîøî ñîãëàñó-
þòñÿ â ïðåäåëàõ ïîãðåøíîñòåé. Âî-âòîðûõ, êàê ñëåäó-
åò èç ïðîãíîçà è ÷òî ÷åòêî âèäíî èç äàííûõ ÐÃÌÄÐ,
ïèê ðàäèîãåííûõ ëåéêîçîâ íàáëþäàëñÿ ÷åðåç 4�5 ëåò
ïîñëå êàòàñòðîôû. Ýòî îçíà÷àåò ðàäèàöèîííóþ îáóñ-
ëîâëåííîñòü â êàæäîì âòîðîì ñëó÷àå ëåéêîçà, âûÿâ-
ëÿåìîãî â íàñòîÿùåå âðåìÿ ó ëèêâèäàòîðîâ.

Íà 01.01.1995 ã. â ñèñòåìå ÐÃÌÄÐ áûëî çàðåãèñòðèðî-
âàíî 47 ñëó÷àåâ çàáîëåâàíèé ðàêîì ùèòîâèäíîé æå-
ëåçû ñðåäè ëèêâèäàòîðîâ. Äèàãíîç áûë óñòàíîâëåí
ñïóñòÿ ðàçíûé ïåðèîä ïîñëå âîçäåéñòâèÿ èîíèçèðóþ-
ùèõ èçëó÷åíèé: ïðîìåæóòîê âðåìåíè ìåæäó äàòîé
âúåçäà â 30-êèëîìåòðîâóþ çîíó è ñðîêîì âûÿâëåíèÿ
çàáîëåâàíèÿ êîëåáàëñÿ îò 1 äî 8 ëåò.

2006, attributive risk of supplementary mortality for
leukaemia equals 32.8% and for solid tumours 4.1%.

The primary possible source of indetermination
and inexactness in the above descriptions of pro-
gnostic evaluations is the level of accuracy of indi-
vidual dosimetric data concerning liquidators. The
results of our research show that errors in indivi-
dual dosimetric information on liquidators could
reach the magnitude of 200�250% (Pitkevitch V.A.
et al., 1996).

EVALUATION OF RADIATION RISK
AMONG THE LIQUIDATOR COHORT
Within the present analysis 48 cases of leukaemia
among liquidators are being examined (as verified
by the Medical Radiological Scientific Centre RAMN
and local health care institutions on 01.01.1994).
Verification of leukaemias is a long and complex
procedure and therefore analysis of incidence of
sickness from 1986�1993 is included in this work.
On 01.01.1994 the RNMDR database contained
medical and dosimetric information on 142 thou-
sand liquidators among whom these 48 cases were
established (Pitkevitch V.A. et al., 1997; Ivanov V.K.
et al., 1997; 1998).

In the analysis of radiation risks we intend to exam-
ine all types of leukaemia (ICD-9 204.0�208.9). In
connection with these, it is well known that, for ex-
ample chronic lymphatic leukaemia does not occur
as a radiation induced illness. Calculation of all types
of leukaemia among liquidators in the current work
is limited, mainly by the small number of cases veri-
fied between 1986�1993. Another important factor
is the possibility of comparing the expected number
of cases (using radiogenetic calculation) and the ob-
served number of cases. This expected number of all
types of leukaemia is determined using animated
prognostic models, coefficients of which were ob-
tained on the basis of the Japanese cohort, survivors
of atomic bombing.

Figure 6 cites data from the RNMDR of leukaemia
incidence among liquidators and the correspond-
ing prognostic curve. What main conclusions can
be drawn from figure 6? Firstly, the prognosis and
factual data are in accordance within the limits of
error. Secondly, following the prognosis, and as can
be seen precisely from the registry data, the peak in-
cidences of radiogenic leukaemias were observed
4�5 years after the accident. This signifies radioac-
tive influence on every second case of leukaemia
currently apparent among the liquidators.

On 01.01.1995 47 cases of thyroid cancer among
liquidators were registered in the RNMDR system.
The diagnosis was confirmed after varying
amounts of time following exposure to radiation:
the interval between the date of entering the 30km
zone and the period of onset of illness varied from
1�8 years.
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For verification of the hypothesis concerning supple-
mentary irradiation of liquidators between April and
May 1986, we carried out an experiment using radio-
nuclides of iodine to evaluate standardised incidence
rate (SIR) accumulation set out month by month (fig-
ure 7). As can be seen from this figure, liquidators who
took part in work during June 1986 are at the highest
risk of developing thyroid cancer. The risk for April�
May and for July was found to be approximately the
same. Therefore, at the given stage of research it is im-
possible to draw any firm conclusion about the effect
of iodine radionuclides. On the other hand, despite
the fact that doses of external irradiation remained
approximately the same from April�December 1986,
risk of developing thyroid cancer decreased notice-
ably towards the end of 1986 (figure 7).

Let us move on to the question of the possibility of
forecasting cases of thyroid cancer among liquida-
tors. Figure 8 shows the observed frequency of thy-
roid cancer cases among liquidators calculated per
100 thousand people and expected cases (radiogenic
cancers plus spontaneous cancers). Evaluation of the
contribution of radiogenic cancers is done within the
framework of an additive model of radiation risk.
Statistical data from the Russian Federation were
used to calculate the number of spontaneous cases.
As already noted above, significant divergence bet-
ween expected and observed indices can be traced
over the 4�5 years following the accident.

One possible explanation for this divergence may
be that it is due to intensive screening effect at the
time of medical investigation of liquidators. As seen
in figure 9, we can, following this assumption, ob-

FIGURE 6. LEUKEMIA INCIDENCE ACTUAL DATA AND STANDARD INCIDENCE RATE PROGNOSIS IN COHORT OF LIQUIDATORS

ÐÈÑÓÍÎÊ 6. ÔÀÊÒÈ×ÅÑÊÈÅ ÄÀÍÍÛÅ È ÏÐÎÃÍÎÇ ÑÒÀÍÄÀÐÒÈÇÈÐÎÂÀÍÍÎÉ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ËÅÉÊÎÇÀÌÈ Â ÊÎÃÎÐÒÅ ËÈÊÂÈÄÀÒÎÐÎÂ
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Äëÿ ïðîâåðêè ãèïîòåçû î âîçìîæíîì äîïîëíè-
òåëüíîì îáëó÷åíèè ëèêâèäàòîðîâ â àïðåëå�ìàå
1986 ã. ðàäèîíóêëèäàìè éîäà ìû ïðîâåëè îöåíêó íà-
êîïëåííîé ñòàíäàðòèçèðîâàííîé çàáîëåâàåìîñòè
(SIR) ñ ðàçáèâêîé ïî ìåñÿöàì (ðèñóíîê 7). Êàê âèäíî
íà ýòîì ðèñóíêå, íàèáîëåå âûñîêèé ðèñê çàáîëåòü ðà-
êîì ùèòîâèäíîé æåëåçû ó ëèêâèäàòîðîâ, ïðèíèìàâ-
øèõ ó÷àñòèå â ðàáîòàõ â èþíå 1986 ã. Ðèñê äëÿ àïðå-
ëÿ-ìàÿ è èþëÿ îêàçàëñÿ ïðèáëèçèòåëüíî îäèíàêîâûì.
Ïîýòîìó íà äàííîì ýòàïå èññëåäîâàíèé ñòðîãèé âû-
âîä î âëèÿíèè ðàäèîíóêëèäîâ éîäà ñäåëàòü íåëüçÿ. Ñ
äðóãîé ñòîðîíû, íåñìîòðÿ íà òî, ÷òî äîçû âíåøíåãî
îáëó÷åíèÿ â àïðåëå-äåêàáðå 1986 ã. îñòàâàëèñü ïðè-
áëèçèòåëüíî îäèíàêîâûìè, ðèñê âîçíèêíîâåíèÿ
ðàêà ùèòîâèäíîé æåëåçû ê êîíöó 1986 ã. çàìåòíî
óìåíüøèëñÿ (ñì. ðèñóíîê 7).

Ïåðåéäåì ê âîïðîñó âîçìîæíîñòè ïðîãíîçèðîâàíèÿ
çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû ó ëèêâè-
äàòîðîâ. Íà ðèñóíêå 8 ïîêàçàíà íàáëþäàåìàÿ èíòåí-
ñèâíîñòü çàáîëåâàíèé ðàêîì ùèòîâèäíîé æåëåçû ó
ëèêâèäàòîðîâ â ðàñ÷åòå íà 100 000 ÷åëîâåê è îæèäàå-
ìàÿ (ðàäèîãåííûå ðàêè ïëþñ ñïîíòàííûå). Îöåíêà
âêëàäà ðàäèîãåííûõ ðàêîâ ñäåëàíà â ðàìêàõ àääèòèâ-
íîé ìîäåëè ðàäèàöèîííîãî ðèñêà. Ïðè ðàñ÷åòå ñïîí-
òàííîé çàáîëåâàåìîñòè èñïîëüçîâàíû ñòàòèñòè÷åñ-
êèå äàííûå ïî Ðîññèéñêîé Ôåäåðàöèè. Êàê îòìå÷åíî
âûøå, çíà÷èòåëüíîå ðàñõîæäåíèå ìåæäó íàáëþäàåìû-
ìè è îæèäàåìûìè ïîêàçàòåëÿìè ïðîñëåæèâàåòñÿ ÷å-
ðåç 4�5 ëåò ïîñëå êàòàñòðîôû.

Îäíèì èç âîçìîæíûõ îáúÿñíåíèé ýòîãî ðàñõîæäåíèÿ
ìîæåò áûòü èíòåíñèâíûé ñêðèíèíãîâûé ýôôåêò ïðè
ìåäèöèíñêîì îáñëåäîâàíèè ëèêâèäàòîðîâ. Êàê âèäíî íà
ðèñóíêå 9, åñëè âåðíî ýòî ïðåäïîëîæåíèå, íàáëþäàåòñÿ

Leukemia SIR in liquidators (1986�1987)
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FIGURE 8. THYROID CANCER INCIDENCE AMONG LIQUIDATORS
DEPENDING ON TIME PERIOD SINCE THE ACCIDENT

ÐÈÑÓÍÎÊ 8. ÈÍÒÅÍÑÈÂÍÎÑÒÜ ÇÀÁÎËÅÂÀÍÈÉ ÐÀÊÎÌ ÙÈÒÎÂÈÄÍÎÉ
ÆÅËÅÇÛ ÑÐÅÄÈ ËÈÊÂÈÄÀÒÎÐÎÂ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÂÐÅÌÅÍÈ,

ÏÐÎØÅÄØÅÃÎ ÏÎÑËÅ ÀÂÀÐÈÈ

FIGURE 7. THYROID CANCER STANDARD INCIDENCE RATES
AMONG LIQUIDATORS DEPENDING ON TERMS OF STAY

IN RADIATION EXPOSURE ZONE

ÐÈÑÓÍÎÊ 7. ÑÒÀÍÄÀÐÒÈÇÈÐÎÂÀÍÍÀß ÇÀÁÎËÅÂÀÅÌÎÑÒÜ ÐÀÊÎÌ
ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ ÑÐÅÄÈ ËÈÊÂÈÄÀÒÎÐÎÂ Â ÇÀÂÈÑÈÌÎÑÒÈ
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õîðîøåå ñîîòâåòñòâèå ìåæäó íàáëþäàåìîé è îæèäàåìîé
(ïî ìîäåëè ðàäèàöèîííîãî ïðîãíîçà) ÷àñòîòîé çàáîëå-
âàåìîñòè ëèêâèäàòîðîâ ðàêîì ùèòîâèäíîé æåëåçû.

Â òàáëèöàõ 2 è 3 ïðåäñòàâëåíû äàííûå îöåíêè ðàäèà-
öèîííûõ ðèñêîâ äëÿ êîãîðòû ëèêâèäàòîðîâ è èõ ñðàâ-
íåíèå ñ îïóáëèêîâàííûìè äàííûìè ïî äðóãèì êîãîð-
òàì. Êàê âèäíî èç ýòèõ òàáëèö, èìååòñÿ õîðîøåå ñîîò-
âåòñòâèå ïîëó÷åííûõ íàìè çíà÷åíèé ðèñêîâ è îïóáëè-
êîâàííûõ ðàíåå â íàó÷íîé ëèòåðàòóðå êîýôôèöèåíòîâ.
Âìåñòå ñ òåì äàëüíåéøåå ýïèäåìèîëîãè÷åñêîå íàáëþ-
äåíèå çà êîãîðòîé ëèêâèäàòîðîâ ìîæåò ïîçâîëèòü òàê-
æå îïðåäåëèòü çàâèñèìîñòü ðàäèàöèîííûõ ðèñêîâ îò
îñíîâíûõ ïàðàìåòðîâ: äîçû îáëó÷åíèÿ, âîçðàñòà ïðè
îáëó÷åíèè è âðåìåíè, ïðîøåäøåì ïîñëå îáëó÷åíèÿ.

ÄÈÍÀÌÈÊÀ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ÐÀÊÎÌ
ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ ÍÀÑÅËÅÍÈß
ÇÀÃÐßÇÍÅÍÍÛÕ ÐÀÄÈÎÍÓÊËÈÄÀÌÈ
ÒÅÐÐÈÒÎÐÈÉ
Êàê áûëî îòìå÷åíî âûøå, â íàèáîëüøåé ñòåïåíè ðà-
äèàöèîííîìó âîçäåéñòâèþ â ðåçóëüòàòå ×åðíîáûëü-

serve a good agreement between observed and ex-
pected frequency of cases of thyroid cancer in li-
quidators (according to the radiation prognosis).

Tables 2 and 3 show evaluations of radiation risk for
the liquidator cohort and comparisons with previ-
ously published data appertaining to other cohorts.
As is visible from these tables, there is accordance
between significant risk data obtained by us and
coefficients previously published in the scientific lit-
erature. Together with these, future epidemiologi-
cal liquidator cohort observation could allow for,
and also obtain dependence of radiation risks on
certain basic parameters: doses of irradiation; age at
time of exposure; time following exposure.

DYNAMICS OF THYROID CANCER
CASES IN THE POPULATION
OF TERRITORIES CONTAMINATED
BY RADIONUCLIDES
As already stated above, the greatest level of radio-
active influence as a result of the Chernobyl acci-

TABLE 2
RADIATION RISK OF LEUKEMIA INCIDENCE AMONG LIQUIDATORS (1986�1993 OBSERVATION PERIOD)

ÒÀÁËÈÖÀ 2
ÐÀÄÈÀÖÈÎÍÍÛÉ ÐÈÑÊ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ËÅÉÊÎÇÀÌÈ ÑÐÅÄÈ ËÈÊÂÈÄÀÒÎÐÎÂ (ÏÅÐÈÎÄ ÍÀÁËÞÄÅÍÈß 1986�1993 ãã.)

Data source EAR/104   person-years×Gy (95% CI) ERR/Gy AR (at 1 Gy) %
Liquidators 1.31 (0.23, 2.39) 4.30 (0.83, 7.75) 81
LSS cohort 2.38 7.8 88

TABLE 3
RADIATION RISK OF THYROID CANCER INCIDENCE AMONG LIQUIDATORS (1986�1994 OBSERVATION PERIOD)

ÒÀÁËÈÖÀ 3
ÐÀÄÈÀÖÈÎÍÍÛÉ ÐÈÑÊ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ËÅÉÊÎÇÀÌÈ ÑÐÅÄÈ ËÈÊÂÈÄÀÒÎÐÎÂ (ÏÅÐÈÎÄ ÍÀÁËÞÄÅÍÈß 1986�1994 ãã.)

Data source EAR/104 person-years×Gy (95% CI) ERR/Gy AR (at 1 Gy) %
Liquidators 1.15 (0.08, 2.22) 5.31 (0.04, 10.58) 84
BEIR V 1.25 5.8 85
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FIGURE 9. THYROID CANCER STANDARD INCIDENCE RATES DYNAMICS
AMONG LIQUIDATORS (1986�1987 WORKS PERIOD)

ÐÈÑÓÍÎÊ 9. ÄÈÍÀÌÈÊÀ ÑÒÀÍÄÀÐÒÈÇÈÐÎÂÀÍÍÎÉ ÇÀÁÎËÅÂÀÅÌÎÑÒÈ
ÐÀÊÎÌ ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ ÑÐÅÄÈ ËÈÊÂÈÄÀÒÎÐÎÂ

(ÂÐÅÌß ÐÀÁÎÒÛ 1986�1987 ãã.)

FIGURE 10. THYROID CANCER STANDARD INCIDENCE RATES DYNAMICS
AMONG 4 CONTAMINATED PROVINCES OF RUSSIA

ÐÈÑÓÍÎÊ 10. ÄÈÍÀÌÈÊÀ ÑÒÀÍÄÀÐÒÈÇÈÐÎÂÀÍÍÎÉ
ÇÀÁÎËÅÂÀÅÌÎÑÒÈ ÐÀÊÎÌ ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ

Â 4 ÇÀÃÐßÇÍÅÍÍÛÕ ÎÁËÀÑÒßÕ ÐÎÑÑÈÈ

ñêîé êàòàñòðîôû ïîäâåðãëèñü ÷åòûðå îáëàñòè Ðîñ-
ñèè: Áðÿíñêàÿ, Êàëóæñêàÿ, Îðëîâñêàÿ è Òóëüñêàÿ.  Íà
ðèñóíêå 10 ïîêàçàíà äèíàìèêà çàáîëåâàåìîñòè ðà-
êîì ùèòîâèäíîé æåëåçû ñðåäè æèòåëåé óêàçàííûõ
âûøå ÷åòûðåõ îáëàñòåé Ðîññèè ñ 1982 ïî 1995 ãã. ïî
äàííûì ÐÃÌÄÐ. Íà îñíîâàíèè ýòèõ äàííûõ ìîæíî
ñäåëàòü äâà îñíîâíûõ âûâîäà: âî-ïåðâûõ, ñ 1986 ïî
1990 ã. íå îòìå÷àëîñü ñòàòèñòè÷åñêè äîñòîâåðíîãî
ðîñòà çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû
(ò.å. ëàòåíòíûé ïåðèîä ñîñòàâèë îêîëî 5 ëåò ïîñëå
×åðíîáûëüñêîé êàòàñòðîôû, ÷òî ñîîòâåòñòâóåò îïóá-
ëèêîâàííûì â íàó÷íîé ëèòåðàòóðå îöåíêàì ëàòåíò-
íîãî ïåðèîäà ïî ðàäèàöèîííîé èíäóêöèè ðàêà ùè-
òîâèäíîé æåëåçû); âî-âòîðûõ, íà÷èíàÿ ñ 1991 ã.
íàáëþäàåòñÿ ñòàòèñòè÷åñêè çíà÷èìûé ðîñò çàáîëå-
âàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû ó æèòåëåé óêà-
çàííûõ âûøå ÷åòûðåõ îáëàñòåé ïî ñðàâíåíèþ ñ îá-
ùåðîññèéñêèìè ïîêàçàòåëÿìè.

Íà ðèñóíêå 11 ïîêàçàíî, â êàêèõ âîçðàñòíûõ ãðóïïàõ
íà ìîìåíò ×åðíîáûëüñêîé êàòàñòðîôû íàáëþäàåòñÿ
íàèáîëåå âûñîêèé óðîâåíü çàáîëåâàåìîñòè ðàêîì ùè-
òîâèäíîé æåëåçû. Îáúåêòèâíûé ýïèäåìèîëîãè÷åñêèé
àíàëèç ïîêàçûâàåò, ÷òî íàèáîëüøèé îòíîñèòåëüíûé
ðèñê çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû èìå-
þò äåòè, êîòîðûå íà ìîìåíò ×åðíîáûëüñêîé êàòàñò-
ðîôû áûëè â âîçðàñòå äî 10 ëåò. Äëÿ ýòîé âîçðàñòíîé
ãðóïïû ïîëó÷åíû íàèáîëåå âûñîêèå îöåíêè äîç îá-
ëó÷åíèÿ çà ñ÷åò èíêîðïîðèðîâàííîãî 131I.

Íà ðèñóíêå 12 ïðåäñòàâëåíû îñíîâíûå ðåçóëüòàòû
îöåíêè ðàäèàöèîííîãî ðèñêà â èíäóêöèè ðàêà ùèòî-
âèäíîé æåëåçû ó äåòåé Áðÿíñêîé îáëàñòè ïî òåõíî-
ëîãèè �ñëó÷àé-êîíòðîëü�. Ñëåäóåò îòìåòèòü, ÷òî ïîëó-
÷åííàÿ îöåíêà îòíîñèòåëüíîãî ðèñêà ïðè äîçå 1 Ãð,
ðàâíàÿ 7,15, õîðîøî ñîãëàñóåòñÿ ñ îïóáëèêîâàííûìè
â íàó÷íîé ëèòåðàòóðå äàííûìè.

Òàêèì îáðàçîì, íà îñíîâå ñîáðàííûõ â 1986�1997 ãã.
ïåðâè÷íûõ ìåäèêî-äîçèìåòðè÷åñêèõ äàííûõ â ðàì-
êàõ ÐÃÌÄÐ âïåðâûå óñòàíîâëåíû ñòàòèñòè÷åñêè çíà-

dent affected four regions of Russia: Bryansk, Kaluga,
Orlov and Tula regions. Let us consider the case dy-
namics of thyroid cancer in these four regions. Fig-
ure 10 shows the case dynamics for thyroid cancer
among the inhabitants of the aforementioned re-
gions between 1982�1995 according to the RNM-
DR data. From the information given in the figure,
two conclusions can be drawn: firstly, between 1986
and 1990, no statistically reliable growth of thyroid
cancer cases is noticeable (i.e. the latent period for
onset of thyroid cancer is approximately 5 years fol-
lowing the Chernobyl accident, corresponding to
evaluations, published in the scientific literature, of
the latent period for radiation induced thyroid can-
cer). Secondly, from 1991 there is a stochastically
significant increase in cases of thyroid cancer
among the inhabitants of these four regions rela-
tive to the general pan-Russian index.

The next figure (figure 11) shows, according to age
at the time of the Chernobyl accident in 1986, which
group displays the highest level of thyroid cancer
incidence. Objective epidemiological analysis
shows that children up to the age of 10 at the time
of the accident have the highest relative risk of de-
veloping thyroid cancer. It is worth emphasising
that the highest evaluations of exposure dose in
terms of incorporated 131I were obtained for this
group.

Figure 12 shows basic radiation risk evaluation
in the onset of thyroid cancer among children
in the Bryansk region using �cases-control�. It
should be noted that the relative risk evaluation
obtained at the dose of 1 Gy, equally 7.15 is in
accordance with data published in the scientific
literature.

Thus, on the basis of primary medical dosimetric data
collected between 1986�1997 within the frame-
work of the RNMDR, statistically significant radiation
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FIGURE 11.  RISKS AND THYROID IRRADIATION DOSE RATIO
DEPENDING ON THE AGE AT EXPOSURE

ÐÈÑÓÍÎÊ 11. ÎÒÍÎØÅÍÈÅ ÐÈÑÊÎÂ È ÄÎÇÛ ÎÁËÓ×ÅÍÈß
ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÂÎÇÐÀÑÒÀ

ÏÐÈ ÎÁËÓ×ÅÍÈÈ

FIGURE12. RADIATION RISKS OF CANCER IN CHILDREN
AND ADOLESCENTS OF BRYANSK REGION (CASE-CONTROL STUDY)

ÐÈÑÓÍÎÊ 12. ÐÀÄÈÀÖÈÎÍÍÛÅ ÐÈÑÊÈ ÐÀÊÎÂÛÕ ÇÀÁÎËÅÂÀÍÈÉ
Ó ÄÅÒÅÉ È ÏÎÄÐÎÑÒÊÎÂ ÁÐßÍÑÊÎÉ ÎÁËÀÑÒÈ

(CASE-CONTROL STUDY)

÷èìûå ðàäèàöèîííûå ðèñêè â èíäóêöèè îíêîëîãè-
÷åñêèõ è íåîíêîëîãè÷åñêèõ çàáîëåâàíèé. Îñíîâíûå
äàííûå îïóáëèêîâàíû â èçäàâàåìîì ÐÃÌÄÐ æóðíàëå
�Ðàäèàöèÿ è ðèñê� è â ðÿäå âåäóùèõ ìåæäóíàðîäíûõ
æóðíàëîâ. Ïðîáëåìà îöåíêè ðàäèàöèîííûõ ðèñêîâ
îñòàåòñÿ îäíîé èç êëþ÷åâûõ ïðè äàëüíåéøåì âåäåíèè
ÐÃÌÄÐ.
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